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ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To high-precisely detect 

a fuel injection amount from a differential pressure 

between a reference pressure and a cylinder 

pressure by calculating a reference pressure (a -» 



motoring pressure) Pm equivalent to one cycle during 
cut of fuel injection is detected by a cylinder pressure 
sensor and stored at a memory. By determining a 
pressure ratio between a detecting pressure Pk of a 
cylinder pressure sensor and a motoring pressure Pm 

by a crank angle 60 before ignition during operation of an engine, a pressure ratio between 
a reference pressure Pb on a present engine operation condition and the motoring 
pressure Pm is determined. The reference pressure Pb is calculated by multiplying the 
motoring pressure Pm by a pressure ratio at a crank angle following the crank angle 00, 
and from a differential pressure between a detecting pressure Pk (9Q) at an injection 
amount detecting timing 0Q after a lapse of a given time starting from an ignition timing 0f 
and the reference pressure Pb(0Q), a fuel injection amount is calculated. 
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pressure of cylinder air excluding the increase of a 
pressure by fuel) corresponding to an engine 
operation condition during running of an engine 
without lowering operability. 

SOLUTION: The waveform of a cylinder pressure (a 
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* NOTICES * 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] In the fuel-oil-consumption detection equipment of the internal combustion engine which 
detects an internal combustion engine's cylinder internal pressure with a cylinder internal pressure 
detection means, and detects fuel oil consumption based on the detection value It is based on the 
cylinder internal pressure at the time of un-burning [ which was detected in the past with said 
cylinder internal pressure detection means ] (henceforth a "motoring pressure"). A reference pressure 
calculation means to compute the pressure (henceforth "reference pressure") of the current air in a 
cylinder except the pressure buildup by combustion, Fuel-oil-consumption detection equipment of 
the internal combustion engine characterized by having an injection-quantity calculation means to 
compute fuel oil consumption based on the current cylinder internal pressure (henceforth the 
"detection pressure force") and said reference pressure detected with said cylinder internal pressure 
detection means. 

[Claim 2] Said cylinder internal pressure detection means is fuel-oil-consumption detection 

equipment of the internal combustion engine according to claim 1 characterized by detecting the 

cylinder internal pressure at the time of a fuel-injection cut as said motoring pressure. 

[Claim 3] Said reference pressure calculation means is fuel-oil-consumption detection equipment of 

the internal combustion engine according to claim 1 or 2 characterized by computing said reference 

pressure by carrying out the multiplication of the multiplier for which it asked from the pressure ratio 

of said detection pressure force and said motoring pressure to said motoring pressure. 

[Claim 4] Said reference pressure calculation means is fuel-oil-consumption detection equipment of 

the internal combustion engine according to claim 3 characterized by computing said pressure ratio 

by the crank angle of at least one point before fuel ignition. 

[Claim 5] Fuel-oil-consumption detection equipment of the internal combustion engine according to 
claim 1 to 4 characterized by having an offset error amendment means by which compute the offset 
error of the output characteristics of said cylinder internal pressure detection means based on two or 
more detection pressure force detected by two or more crank angles with said cylinder internal 
pressure detection means, and only the part of this offset error amends the output characteristics of 
said cylinder internal pressure detection means. 

[Claim 6] Fuel-oil-consumption detection equipment of the internal combustion engine according to 
claim 1 to 5 characterized by having a renewal means of a motoring pressure to detect said motoring 
pressure with said cylinder internal pressure detection means under predetermined conditions for 
every fuel-injection cut, and to update the storage value of this motoring pressure. 
[Claim 7] Fuel-oil-consumption detection equipment of the internal combustion engine according to 
claim 1 to 6 characterized by having a gain error correction means by which search for the gain error 
of the output characteristics of said cylinder internal pressure detection means by measuring with 
that certified value said motoring pressure detected by the crank angle of at least one point with said 
cylinder internal pressure detection means, and only the part of this gain error amends the output 
characteristics of said cylinder internal pressure detection means. 

[Claim 8] Said injection-quantity calculation means is fuel-oil-consumption detection equipment of 
the internal combustion engine according to claim 1 to 7 characterized by computing fuel oil 
consumption based on the differential pressure of said detection pressure force after predetermined 
time progress, and said reference pressure from the ignition stage of a fuel. 
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[Claim 9] Said injection-quantity calculation means is fuel-oil-consumption detection equipment of 
the internal combustion engine according to claim 1 to 7 characterized by integrating the differential 
pressure of said detection pressure force and said reference pressure from the ignition stage of a fuel 
to after predetermined time progress a predetermined period, and computing fuel oil consumption 
based on the addition value. 

[Claim 10] Said injection -quantity calculation means is fuel-oil-consumption detection equipment of 
the internal combustion engine according to claim 1 to 7 characterized by computing fuel oil 
consumption based on the differential pressure of said detection pressure force in a predetermined 
crank angle, and said reference pressure. 

[Claim 1 1] Said injection-quantity calculation means is fuel-oil-consumption detection equipment of 
the internal combustion engine according to claim 1 to 7 characterized by integrating the differential 
pressure of said detection pressure force and said reference pressure from the ignition stage of a fuel 
to a predetermined crank angle a predetermined period, and computing fuel oil consumption based 
on the addition value. 

[Claim 12] Said injection-quantity calculation means is fuel-oil-consumption detection equipment of 
the internal combustion engine according to claim 1 to 7 characterized by computing fuel oil 
consumption based on the R/C of the differential pressure of said detection pressure force after 
predetermined time progress, and said reference pressure from the ignition stage of a fuel. 
[Claim 13] It is fuel-oil-consumption detection equipment of the internal combustion engine 
according to claim 1 to 12 which has the fuel injection equipment which performs the Maine 
injection for engine output generating, and pilot injection before it in 1 cycle, and is characterized by 
said injection-quantity calculation means computing the fuel oil consumption of said pilot injection 
based on the ignition stage of said Maine injection fuel, or the differential pressure of said detection 
pressure force in it or before, and said reference pressure. 

[Claim 14] It is fuel-oil-consumption detection equipment of the internal combustion engine 
according to claim 1 to 12 which has the fuel injection equipment which performs fuel injection of 
multiple times in 1 cycle, and is characterized by said injection-quantity calculation means 
computing the fuel oil consumption of injection of time (N-l) before based on the ignition stage of 
the injection fuel of eye N time (N is two or more integers), or the differential pressure of said 
detection pressure force in it or before, and said reference pressure. 

[Claim 15] Said injection-quantity calculation means is fuel-oil-consumption detection equipment of 
the internal combustion engine according to claim 1 to 14 characterized by ****(ing) and forming 
into a-less dimension differential pressure of said detection pressure force to which it uses at the time 
of calculation of fuel oil consumption, and said reference pressure by said detection pressure force 
before ignition, and computing ftiel oil consumption based on the value. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the fuel-oil-consumption detection equipment of the 
internal combustion engine which detects an internal combustion engine's (engine) cylinder internal 
pressure, and detects fuel oil consumption from the detection pressure force. 
[0002] 

[Description of the Prior Art] Engine fuel oil consumption is a control parameter which has direct 
effect on engine power, fuel consumption, and emission. Generally, fuel oil consumption changes 
with solid-state differences, aging, etc. of a fuel injection equipment, especially by the diesel power 
plant which carries out high-pressure injection of the fuel, tends to be influenced pf the solid-state 
difference of a fuel injection equipment, aging, etc., and has the inclination for fuel oil consumption 
to tend to change. Furthermore, when performing fuel injection of multiple times in the same cycle, 
the effect which change of fuel oil consumption has on engine power, fuel consumption, and 
emission is large. Therefore, in order to improve engine power, fuel consumption, and emission, it is 
necessary to control fuel oil consumption to a precision. 

[0003] Then, if a fuel burns by the diesel power plant as shown in JP,10-184420,A, actual fuel oil 
consumption is detected by a cylinder internal pressure sensor detecting cylinder internal pressure, 
and detecting the amount of pressure buildups by combustion from this detection value paying 
attention to the property which the firing pressure according to fuel oil consumption generates, and 
the technique of adjusting an injection parameter so that this fuel oil consumption may be made in 
agreement with target fuel oil consumption is examined. 

[0004] However, the compression ratio of a diesel power plant is large, and in order to inhale a lot of 
air in a cylinder, the compression pressure (henceforth "reference pressure") of the air in a cylinder 
becomes large relatively compared with the amount of pressure buildups by combustion. For this 
reason, unless it removes reference pressure from the detection value of cylinder internal pressure, 
the amount of pressure buildups by combustion is undetectable with a sufficient precision. 
[0005] Then, the thing of the above-mentioned official report subtracts reference pressure from the 
cylinder internal pressure detected when pilot injection was stopped, the cylinder internal pressure at 
that time was detected as reference pressure and pilot injection was performed during engine 
operation, and calculates the amount of pressure buildups by combustion of a pilot injection fuel, and 
he is trying to compute the fuel oil consumption of pilot injection from this amount of pressure 
buildups in the fuel-injection system which performs pilot injection in advance of the Maine 
injection for engine-power generating. 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, reference pressure changes with engine 
operation conditions etc. rather than is fixed, and has especially the inclination for the change to 
become large, with an engine with a supercharger. Therefore, in order to calculate the amount of 
pressure buildups by combustion correctly, it is necessary to subtract the reference pressure 
according to the engine operation conditions at that time from the detected cylinder internal pressure. 

[0007] However, with the technique of the above-mentioned official report, in case reference, 
pressure is detected during engine operation, in order to have to stop pilot injection and to detect the 
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reference pressure according to engine operation conditions, whenever engine operation conditions 
change, pilot injection must be stopped, and there is a fault that engine power becomes unstable 
under the effect, and drivability gets worse. 

[0008] Although the reference pressure according to the engine operation conditions at that time can 
be beforehand obtained from memory, without stopping pilot injection if it memorizes [ by the 
design stage ] in memory on the map etc. in quest of the reference pressure in each crank angle by 
count for every engine operation conditions, it is difficult to memorize beforehand in quest of all 
those reference pressure to all the engine operation conditions that change every moment by count as 
a matter of fact. And it is necessary to memorize a vast quantity of data about the reference pressure 
for every engine operation conditions, and mass memory is needed and there is also a fault which 
carries out a cost rise. 

[0009] This invention is made in consideration of such a situation, therefore even if that purpose 
calculates beforehand the reference pressure for every engine operation conditions and does not 
memorize it on a map etc., without causing aggravation of drivability during engine operation, it can 
ask for the reference pressure according to engine operation conditions easily, and is to offer the 
fiiel-oil-consumption detection equipment of the internal combustion engine which can detect fuel 
oil consumption with a sufficient precision from the detection value of cylinder internal pressure 
using this reference pressure. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the fuel-oil- 
consumption detection equipment of the internal combustion engine of claim 1 of this invention It is 
based on the cylinder internal pressure at the time of un-burning [ which was detected in the past 
with the cylinder internal pressure detection means ] (henceforth a "motoring pressure"). The 
pressure (henceforth "reference pressure") of the current air in a cylinder except the pressure buildup 
by combustion is computed with a reference pressure calculation means, arid fiiel oil consumption is 
computed with an injection-quantity calculation means based on the current cylinder internal 
pressure (henceforth the "detection pressure force") and the reference pressure which were detected 
with the cylinder internal pressure detection means. 

[001 1] In this case, a motoring pressure is the cylinder internal pressure at the time of un-burning in 
some engine operation conditions, i.e., the compression pressure of the air in a cylinder except the 
pressure buildup by combustion. Therefore, since a motoring pressure is equivalent to the reference 
pressure in the engine operation conditions when detecting it, it can compute the reference pressure 
in the present engine operation conditions by using a motoring pressure as base data from the 
relation between the engine operation conditions at the time of motoring pressure detection, and the 
present engine operation conditions. For this reason, in this invention, even if it calculates 
beforehand the reference pressure for every engine operation conditions and does not memorize on a 
map etc., during engine operation, the reference pressure according to the engine operation 
conditions at that time can be computed easily, and fuel oil consumption can be computed with a 
sufficient precision from the comparison with this reference pressure and the detection pressure 
force. And since it is not necessary to stop fuel injection in case it asks for the reference pressure for 
every engine operation conditions, aggravation of drivability is avoidable. Furthermore, since it is 
not necessary to memorize a vast quantity of data about the reference pressure for every engine 
operation conditions, mass memory is not needed but-izing can be carried out [ low cost ] that much. 
Since a cylinder internal pressure detection means detects the motoring pressure used as the base 
data at the time of moreover computing reference pressure during engine operation, it can also cope 
with the difference in the motoring pressure characteristics by the individual difference of each 
engine. 

[0012] Here, since the inside of a cylinder will be in the condition of not burning, the fuel-injection 
cut carried out at the time of car moderation and high rotation etc. is good like claim 2 for a cylinder 
internal pressure detection means to detect the cylinder internal pressure at the time of a fuel- 
injection cut as a motoring pressure. If it does in this way, it is not necessary to make specially the 
condition for detection of a motoring pressure of not burning, and a motoring pressure can be 
detected during engine operation using the fuel-injection cuts at the time of car moderation etc., 
without spoiling drivability. 
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[0013] Moreover, it is good to compute reference pressure by carrying out the multiplication of the 
multiplier for which it asked from the pressure ratio of the detection pressure force and a motoring 
pressure to a motoring pressure like claim 3. That is, the pressure ratio of the detection pressure force 
and motoring pressure (detection pressure force at the time of motoring pressure detection) in current 
engine operation conditions serves as a leading parameter which presumes the pressure ratio of the 
reference pressure in current engine operation conditions, and the reference pressure at the time of 
motoring pressure detection from a motoring pressure being detection pressure force (= reference 
pressure at the time of motoring pressure detection) in the engine operation conditions at the time of 
motoring pressure detection. Therefore, if the multiplication of the multiplier for which it asked from 
this pressure ratio is carried out to a motoring pressure (= reference pressure at the time of motoring 
pressure detection), the reference pressure in the present engine operation conditions is easily 
computable. 

[0014] In this case, it is good like claim 4 to compute the pressure ratio of the detection pressure 
force and a motoring pressure in the crank angle of at least one point before fuel ignition. Since the 
rise of the cylinder internal pressure by combustion will not arise if it is before fuel ignition as shown 
in drawing 2 , the detection pressure force and reference pressure are mostly in agreement. 
Therefore, if a pressure ratio is computed before fuel ignition, the pressure ratio which is not 
influenced at all of the pressure buildup by combustion can be computed, and reference pressure can 
be computed with a sufficient precision also by the crank angle after fuel ignition. 
[0015] By the way, the cylinder internal pressure sensor used as a cylinder internal pressure 
detection means becomes the cause by which an offset error may arise in output characteristics 
according to service conditions, such as temperature, and this reduces the detection precision of fuel 
oil consumption. 

[0016] Based on two or more detection pressure force detected by two or more crank angles with the 
cylinder internal pressure detection means, the offset error of the output characteristics of a cylinder 
internal pressure detection means is computed, and you may make it only the part of this offset error 
amend the output characteristics of a cylinder internal pressure detection means like claim 5 as this 
cure. When doing in this way, even if the offset error arose in the output characteristics of a cylinder 
internal pressure detection means, fuel oil consumption is computable with a sufficient precision 
using the correction value which eliminated the offset error from the output of a cylinder internal 
pressure detection means. 

[001 7] Moreover, it is good for a cylinder internal pressure detection means to detect a motoring 
pressure under predetermined conditions for every fuel-injection cut, and to update the storage value 
of this motoring pressure like claim 6. When doing in this way, even if an internal combustion 
engine's property and the output characteristics of a cylinder internal pressure detection means 
carried out aging, based on the newest motoring pressure updated according to the aging, reference 
pressure can be computed with a sufficient precision, and the fall of the detection precision of the 
fuel oil consumption by aging can be prevented. 

[001 8] Moreover, as for the output characteristics of a cylinder internal pressure detection means, the 
gain (output sensibility) over pressure variation may change with a service condition, aging, etc. The 
gain error of the output characteristics of a cylinder internal pressure detection means is searched for 
by measuring with that certified value the motoring pressure detected by the crank angle of at least 
one point with the cylinder internal pressure detection means, and you may make it only the part of 
this gain error amend the output characteristics of a cylinder internal pressure detection means like 
claim 7 as this cure. When doing in this way, even if the gain error arose in the output characteristics 
of a cylinder internal pressure detection means, fuel oil consumption is computable with a sufficient 
precision using the correction value which eliminated the gain error from the output of a cylinder 
internal pressure detection means. 

[001 9] By the way, although you may make it the calculation approach of fuel oil consumption 
compute fuel oil consumption based on the ratio of the detection pressure force for example, after 
fuel ignition, and reference pressure, you may make it compute fuel oil consumption like claim 8 
based on the differential pressure of the detection pressure force and reference pressure after 
predetermined time progress from the ignition stage of a fuel. Since the differential pressure of the 
detection pressure force and reference pressure after fuel ignition is equivalent to a part for the 
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pressure buildup by combustion, it can compute fuel oil consumption with a sufficient precision 
from this differential pressure. And since it asks for differential pressure after predetermined time 
progress from an ignition stage, it cannot be based on an engine speed, but burn time until it detects 
differential pressure from an ignition stage can always be made regularity, and it becomes detectable 
[ the highly precise fuel oil consumption which is not influenced of an engine speed ]. 
[0020] Furthermore, the differential pressure of the detection pressure force from the ignition stage 
of a fuel to after predetermined time progress and reference pressure is integrated a predetermined 
period, and you may make it compute fuel oil consumption like claim 9 based on the addition value. 
If it does in this way, even if a noise etc. is overlapped on the output of a cylinder internal pressure 
detection means and differential pressure data vary temporarily, the effect can be suppressed small 
and fuel oil consumption can be computed with a sufficient precision. 

[0021] Or you may make it compute fuel oil consumption like claim 10 based on the differential 
pressure of the detection pressure force and reference pressure in a predetermined crank angle. If it 
does in this way, since it will become unnecessary to compute the timing (crank angle) which asks 
for differential pressure, a fuel-oil-consumption calculation program can be simplified and 
computational complexity (CPU load) can be lessened. 

[0022] Furthermore, the differential pressure of the detection pressure force from the ignition stage 
of a fuel to a predetermined crank angle and reference pressure is integrated a predetermined period, 
and you may make it compute fuel oil consumption like claim 1 1 based on the addition value. Also 
in this case, the effect of dispersion in the differential pressure data based on a noise etc. can be 
suppressed small, and fuel oil consumption can be computed with a sufficient precision. 
[0023] Moreover, you may make it compute fuel oil consumption like claim 12 based on the R/C of 
the differential pressure of the detection pressure force and reference pressure after predetermined 
time progress from the ignition stage of a fuel. When an offset error arises in the output 
characteristics of a cylinder internal pressure detection means, an offset error is contained also in 
differential pressure data, but an offset error is mostly cancellable if it asks for the R/C of differential 
pressure. Therefore, if fuel oil consumption is computed from the R/C of differential pressure, the 
effect of an offset error can be suppressed small and fuel oil consumption can be computed with a 
sufficient precision. 

[0024] By the way, by the fuel-injection system which performs the Maine injection for engine 
power generating in I cycle, and pilot injection before it, in case the fuel oil consumption of pilot 
injection is computed, in having used the differential pressure after ignition of the Maine injection 
fuel, it will be influenced of the pressure buildup by combustion of the Maine injection fuel. 
[0025] Therefore, when computing the fuel oil consumption of pilot injection, it is good like claim 
13 to compute the fuel oil consumption of pilot injection based on the ignition stage of the Maine 
injection fuel, or the differential pressure of the detection pressure force and reference pressure in it 
or before. If it does in this way, the fuel oil consumption of pilot injection is computable with a 
sufficient precision using the differential pressure (the amount of pressure buildups only by the fuel 
combustion at the time of pilot injection) which is not influenced of the pressure buildup by 
combustion of the Maine injection fuel. 

[0026] Moreover, like claim 14, when performing fuel injection of multiple times in 1 cycle, it is 
good to compute the fuel oil consumption of injection of time (N-l) before based on the ignition 
stage of the injection fuel of eye N time (N is two or more integers), or the differential pressure of 
the detection pressure force and reference pressure in it or before. If it does in this way, based on the 
differential pressure which is not influenced of the pressure buildup by combustion of the injection 
fuel of eye N time, the fuel oil consumption of injection of time (N-l) before is computable with a 
sufficient precision. 

[0027] Moreover, differential pressure of the detection pressure force and reference pressure which 
are used at the time of calculation of fuel oil consumption may be ****(ed) and formed into a-less 
dimension by the detection pressure force before ignition like claim 15, and fuel oil consumption 
may be computed based on the value. Since the respectively same gain error is included in the 
differential pressure and the detection pressure force of the detection pressure force and reference 
pressure when the gain error is included in the output characteristics of a cylinder internal pressure 
detection means, if it **** by the detection pressure force before lighting differential pressure, a gain 
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error can be canceled mostly and fuel oil consumption can be computed with a sufficient precision 
from this value. 



[Embodiment of the Invention] The operation gestalt (1) which applied this invention to the diesel 
power plant of a 4-cylinder is explained based on drawing 1 thru/or drawing 6 below [an operation 
gestalt (1)]. 

[0029] First, the configuration of the whole engine control system is explained based on drawing 1 . 
The fuel injection valve 12 of a solenoid-valve type is attached in each gas column of the diesel 
power plant 1 1 which is an internal combustion engine, and the fuel ****(ed) by high pressure from 
high pressure pumping (not shown) is distributed to it through a common rail 13 at each fuel 
injection valve 12. The fuel-pressure sensor 14 which detects the pressure (common rail fuel 
pressure) of the fuel distributed to a fuel injection valve 12 is attached in this common rail 13. 
Moreover, the cylinder internal pressure sensor 15 (cylinder internal pressure detection means) 
which detects cylinder internal pressure is attached in one representation gas column of a diesel 
power plant 11. 

[0030] Furthermore, near the crankshaft 20 of an engine 1 1, the crank angle sensor 16 which outputs 
a pulse signal for every predetermined crank angle is installed, and the gas column distinction sensor 
17 is installed near the cam shaft (not shown). Moreover, the load sensors 18, such as an accelerator 
sensor, are formed in the accelerator pedal (not shown). 

[0031] The output signal of the various sensors mentioned above is inputted into the engine 
electronic control circuit (it is written as "ECU" below) 19. This ECU19 calculates fuel oil 
consumption and fuel injection timing based on the engine operation condition which was 
constituted as a subject and detected the microcomputer by various sensors, and controls a fuel 
injection valve 12 based on that result of an operation. 

[0032] Furthermore, ECU 19 is based on the cylinder internal pressure Pm at the time of un-burning 
[ which was detected by the cylinder internal pressure sensor 15 under predetermined conditions at 
the time of a fuel-injection cut ] (motoring pressure). While functioning as a reference pressure 
calculation means to compute the pressure (reference pressure) Pb of the current air in a cylinder 
except the pressure buildup by combustion It functions as an injection-quantity calculation means to 
compute fuel oil consumption based on the differential pressure (the amount of pressure buildups by 
combustion) of the cylinder internal pressure (detection pressure force) Pk and reference pressure Pb 
which were detected by the cylinder internal pressure sensor 15. And ECU19 carries out feedback 
control of the fuel oil consumption of a fuel injection valve 12 so that the detected fuel oil 
consumption may be made in agreement with target fuel oil consumption. 

[0033] Here, the detection approach of the fuel oil consumption by ECU19 is explained. When a 
predetermined service condition is satisfied during a fuel-injection cut, the wave of the motoring 
pressure Pm (theta) shown in dr awin g 2 reads the output of the cylinder internal pressure sensor 15 
by 1 cycle (for example, when an engine speed turns into the predetermined rotational frequency N), 
and memorizes it to nonvolatile memory (not shown), such as the backup RAM in ECU19. For every 
predetermined transit-time T progress (for example, 100 hours), the wave of this motoring pressure 
Pm (theta) is newly detected, when a predetermined service condition is satisfied during a fuel- 
injection cut, and it updates a storage value. 

[0034] Moreover, the cylinder internal pressure sensor 15 detects the detection pressure force Pk 
(theta) to every predetermined sampling period deltatheta (for example, ldegree-CA). On the other 
hand, reference pressure Pb (theta) is computed as follows from the motoring pressure Pm (theta) 
and the detection pressure force Pk (theta). 

[0035] Since the detection pressure force Pk (theta) before fuel ignition does not contain the pressure 
buildup by combustion, it is mostly in agreement with reference pressure Pb (theta). Therefore, 
calculation crank angle theta 0 set as the compression stroke before ignition If the pressure ratio H of 
the detection pressure force Pk (theta 0) and the motoring pressure Pm (theta 0) which can be set is 
computed by the degree type, the pressure ratio H which is not influenced at all of the pressure 
buildup by combustion is computable. 
H=Pk (theta 0)/Pm (theta 0) 

[0036] Here, it is the calculation crank angle theta 0. In order to raise the calculation precision of a 
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pressure ratio H 3 it is desirable that it is just before ignition as much as possible, for example, it is 
good to set it as BTDC10 degree-CA (before [ a compression top dead center ] lOdegree-CA). 
Moreover, crank angle theta 0 of one point before ignition Although a pressure ratio H may be 
computed, a pressure ratio H is computed by the crank angle of two or more points before ignition, 
and you may make it use the average of two or more pressure ratios H. 

[0037] This calculation crank angle theta 0 The reference pressure Pb (theta) in each crank angle 
theta is computed by multiplying a pressure ratio H by each crank angle theta of subsequent every at 
the motoring pressure Pm (theta). 
Pb(theta) =HxPm (theta) 

Thereby, reference pressure Pb is easily computable. 

[0038] it is shown in drawing 3 — as — ignition stage thetaf of a fuel from — predetermined time tO 
Injection-quantity detection stage thetaQ after progress It sets and differential pressure deltaP 
(thetaQ) of the detection pressure force Pk (thetaQ) and the computed reference pressure Pb (thetaQ) 
is computed by the degree type. 
deltaP(thetaQ) =Pk(thetaQ)-Pb (thetaQ) 

[0039] In addition, ignition stage thetaf of a fuel The detection approach is crank angle thetaf to 
which differential pressure deltaP (theta) of the detection pressure force Pk (theta) and reference 
pressure Pb (theta) became larger than the ignition decision value F (for example, 100kPa(s)). What 
is necessary is just to consider as an ignition stage. You may make it detect an ignition stage, using 
for example, a combustion photosensor, a knock sensor, an ion current sensor, etc. as approaches 
other than this. 

[0040] This differential pressure deltaP (thetaQ) is equivalent to a part for the pressure buildup by 
combustion, moreover, ignition stage thetaf from — predetermined time tO Injection-quantity 
detection stage thetaQ after progress since differential pressure deltaP (thetaQ) is computed — an 
engine speed — not depending — ignition stage thetaf from — bum time until it detects differential 
pressure deltaP (thetaQ) can always be made regularity. Thereby, as shown in the experimental result 
of drawing 4 , it is injection-quantity detection stage thetaQ. The relation of the differential pressure 
deltaP (thetaQ) and fuel oil consumption Q which can be set can be approximated in a straight line 
(proportional expression), and fuel oil consumption Q can be easily computed by the degree type. 
Q=alphaxdeltaP (thetaQ) 

In an upper type, alpha is a proportionality constant (slope of a line). In addition, in order to raise the 
detection precision of fuel oil consumption Q further, you may make it approximate the relation 
between differential pressure deltaP (thetaQ) and fuel oil consumption Q with the high order 
function more than a secondary function (curve). 

[0041] Detection of the fuel oil consumption by ECU19 explained above is performed by the fuel- 
oil-consumption detection program shown in drawing 5 . This program is performed for every 
predetermined time and every predetermined crank angle, and the fuel oil consumption of the 
representation gas column in which the cylinder internal pressure sensor 15 was formed is detected. 
Starting of this program judges whether the addition transit time after updating the wave of the 
motoring pressure Pm (theta) last time exceeded predetermined time Tl (for example, 100 hours) at 
step 101 first. If the addition transit time has not reached predetermined time Tl, it does not update 
the wave of the motoring pressure Pm (theta), but progresses to step 105 as it is. 
[0042] On the other hand, when the addition transit time was over predetermined time Tl, it 
progresses to step 102 and a predetermined service condition is satisfied during a fuel-injection cut, 
the output of the cylinder internal pressure sensor 15 is read as a motoring pressure Pm (theta) by 1 
cycle (for example, when an engine speed turns into the predetermined rotational frequency N), and 
the stored data of the motoring pressure Pm (theta) memorized by the nonvolatile memory of ECU19 
is updated. Then, peak pressure Pmax of the motoring pressure Pm (theta) updated at step 103 It 
judges whether it is higher than the predetermined value Ps. It is peak pressure Pmax. If it is below 
the predetermined value Ps, it will judge that cylinder internal pressure is carrying out the 
abnormality fall, and will progress to step 104, lighting of a warning lamp (not shown) etc. will 
perform an abnormality display, an operator will be told about the abnormality fall of cylinder 
internal pressure, and this program will be ended. 

[0043] On the other hand, it is peak pressure Pmax at step 103. When judged with it being higher 
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than the predetermined value Ps, it judges that cylinder internal pressure is normal, and progresses to 
step 105. At this step 105, the wave of the motoring pressure Pm (theta) memorized by the 
nonvolatile memory of ECU 19 is read, the following step 106 compares current crank angle theta 
with the calculation crank angle theta 0 (for example, BTDClOdegree-CA), and it is the calculation 
crank angle theta 0. It stands by at step 106 until it reaches. Then, when the calculation crank angle 
theta 0 is reached, it progresses to step 107 and is the calculation crank angle theta 0. The pressure 
ratio H of the detection pressure force Pk (theta 0) and the motoring pressure Pm (theta 0) which can 
be set is computed by the degree type. 
H=Pk (theta 0)/Pm (theta 0) 

[0044] At the following step 108, it is the calculation crank angle theta 0. To each crank angle theta 
of subsequent every, the multiplication of the pressure ratio H is carried out to the motoring pressure 
Pm (theta), and the reference pressure Pb (theta) of each crank angle theta is computed by the degree 
type. 

Pb(theta) =HxPm (theta) 

The data of this reference pressure Pb (theta) are temporarily memorized in memory, such as RAM 
of ECU19, until this program is completed. 

[0045] Then, it progresses to step 109 and is injection-quantity detection stage thetaQ. It computes, 
the calculation approach -- for example, ignition stage thetaf from — predetermined time tO Crank 
angle thetaQ which corresponds after progress It computes. 

[0046] Then, it progresses to step 110 and is injection- quantity detection stage thetaQ about current 
crank angle theta. It compares and is injection-quantity detection stage thetaQ. It stands by at step 
110 until it reaches. Then, injection-quantity detection stage thetaQ When it reaches, it progresses to 
step 1 1 1 and is injection-quantity detection stage thetaQ. Differential pressure deltaP (thetaQ) which 
can be set is computed by the degree type. 
deltaP(thetaQ) =Pk(thetaQ)-Pb (thetaQ) 

[0047] At the following step 112, the proportionality constant alpha for which it asked beforehand is 
read from memory, fuel oil consumption Q is computed by the degree type, and this program is 
ended. 

Q=alphaxdeltaP (thetaQ) 

In addition, you may make it amend a proportionality constant alpha according to engine operation 
conditions. 

[0048] By the way, if the reference pressure corresponding to the time of an engine low load is 
calculated beforehand, and is memorized and this reference pressure is applied to all engine 
operation conditions as a broken line shows to drawing 6 for example, in the time of an engine heavy 
load, reference pressure differs from actual reference pressure greatly, and fuel oil consumption may 
be incorrect-detected. Although reference pressure is beforehand calculated for every engine 
operation conditions, and it memorizes on the map etc. as this cure, and the detection precision of 
fUel oil consumption can be improved if it asks for the reference pressure according to engine 
operation conditions from a map etc., it is difficult to memorize beforehand in quest of all those 
reference pressure to all the engine operation conditions that change every moment by count as a 
matter of fact. And it is necessary to memorize a vast quantity of data about the reference pressure 
for every engine operation conditions, and mass memory is needed and there is also a fault which 
carries out a cost rise. 

[0049] On the other hand, as this operation gestalt (1) shows to drawing 2 , it is the calculation crank 
angle theta 0 before fuel ignition. Detection pressure force Pk (theta 0) in which it can set, 
Calculation crank angle theta 0 of the engine operation conditions at that time The point whose 
reference pressure Pb (theta 0) which can be set corresponds mostly is noted. Calculation crank angle 
theta 0 before fuel ignition By computing the pressure ratio H of the detection pressure force Pk 
(theta 0) and the motoring pressure Pm (theta 0) which can be set It asks for the pressure ratio H of 
the reference pressure Pb and the motoring pressure Pm in current engine operation conditions, and 
is the calculation crank angle theta 0. The reference pressure Pb (theta) in each crank angle theta is 
computed by multiplying a pressure ratio H by each crank angle theta of subsequent every at the 
motoring pressure Pm (theta). Thereby, the reference pressure Pb (theta) of the crank angle after fuel 
ignition is computable with a sufficient precision using the pressure ratio H which is not influenced 
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at all of the pressure buildup by combustion. 

[0050] and ignition stage thetaf from — predetermined time tO Since it asks for differential pressure 
deltaP (thetaQ) of the detection pressure force Pk (thetaQ) and reference pressure Pb (thetaQ) after 
progress an engine speed not depending — ignition stage thetaf from ~ bum time until it detects 
differential pressure deltaP (thetaQ) can always be made regularity, and fuel oil consumption Q can 
be computed with a sufficient precision from this differential pressure deltaP (thetaQ). And since it is 
not necessary like before to stop fuel injection in case reference pressure is detected, aggravation of 
drivability is avoidable. Furthermore, since it is not necessary to calculate beforehand the reference 
pressure for every engine operation conditions, and to memorize on a map etc., mass memory is not 
needed but-izing can be carried out [ low cost ] that much. 

[0051] Moreover, with the above-mentioned operation gestalt (1), since the cylinder internal pressure 
sensor 15 detects the motoring pressure Pm at the time of the fuel-injection cut carried out at the time 
of car moderation etc., while being able to detect the motoring pressure Pm, without spoiling 
drivability, the difference in the motoring pressure characteristics by the individual difference of 
each engine can also be coped with, and dispersion in the detection precision of the fuel oil 
consumption by engine individual difference can be lessened. And since the motoring pressure Pm 
was updated for every predetermined time T progress, even if an engine property and the output 
characteristics of the cylinder internal pressure sensor 15 carried out aging, based on the motoring 
pressure Pm updated according to the aging, reference pressure Pb can be computed with a sufficient 
precision, and the fall of the detection precision of the fuel oil consumption by aging can be 
prevented. 

[0052] [An operation gestalt (2)], next the operation gestalt (2) of this invention are explained based 
on dra wing 7 thru/or drawjng__9 . the above-mentioned operation gestalt (1) — ignition stage thetaf 
from - predetermined time tO Although differential pressure deltaP (thetaQ) of the detection 
pressure force Pk (thetaQ) and reference pressure Pb (thetaQ) is computed after progress and fuel oil 
consumption Q was computed from this differential pressure deltaP (thetaQ) this operation gestalt 
(2) shows to drawing 7 — as — ignition stage thetaf from — predetermined time tO Injection-quantity 
detection stage thetaQ after progress up to — during a period He integrates differential pressure 
deltaP (theta) of the detection pressure force Pk (theta) and reference pressure Pb (theta) to every 
predetermined sampling period deltatheta, and is trying to compute fuel oil consumption Q from this 
differential pressure addition value sigmadeltaP (theta). 

[0053] it is shown in the experimental result of drawing 8 - as — ignition stage thetaf from — 
injection-quantity detection stage thetaQ up to — the relation between the differential pressure 
addition value sigmadeltaP (theta) and fuel oil consumption Q can be approximated in a straight line 
(proportional expression), and fuel oil consumption Q can be easily computed by the degree type. 
Q=alphaxsigmadeltaP (theta) 

In an upper type, alpha is a proportionality constant (slope of a line). In addition, in order to raise the 
detection precision of fuel oil consumption Q further, you may make it approximate the relation 
between the differential pressure addition value sigmadeltaP (theta) and fuel oil consumption Q with 
the high order function more than a secondary function (curve). 

[0054] The fuel-oil-consumption detection program of drawing 9 performed with this operation 
gestalt (2) is what changed into processing of steps 113-117 processing of steps 1 10-1 12 of drawing 
5 carried out with said operation gestalt (1), and ** and steps other than this are the same as drawing 
5 . By this program, it is injection-quantity detection stage thetaQ. After [ calculation (step 109) ] 
and crank angle thela is ignition stage thetaf. When it reaches, it progresses to step 1 14 from step 
113, and differential pressure deltaP (theta) is computed by the degree type. 
deltaP(theta) =Pk(theta)-Pb (theta) 

[0055] At the following step 1 15, this differential pressure deltaP (thetai) is added and the 
differential pressure addition value sigmadeltaP (thetai-1) to last time is asked for the differential 
pressure addition value sigmadeltaP (thetai) by this time. 
sigmadeltaP(thetai) =sigmadeltaP(thetai-l) +deltaP (thetai) 

Then, it progresses to step 1 16 and is injection-quantity detection stage thetaQ about crank angle 
theta. It compares and is injection-quantity detection stage thetaQ. If it has not reached, addition 
processing of return and differential pressure deltaP (theta) is repeated to the above-mentioned step 
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114 (step 114,115). 

[0056] Then, crank angle theta is injection-quantity detection stage thetaQ. When it reaches, it 
progresses to step 117 from step 116, and the proportionality constant alpha for which it asked 
beforehand is read from memory, the multiplication of the differential pressure addition value 
sigmadeltaP (theta) is carried out to this proportionality constant alpha, fuel oil consumption Q is 
calculated, and this program is ended. 
Q=alphaxsigmadeltaP (theta) 

In addition, you may make it amend a proportionality constant alpha according to engine operation 
conditions. 

[0057] In fuel-oil-consumption detection processing of an operation gestalt (2) in which it explained 
above ignition stage thetaf from - predetermined time tO Injection-quantity detection stage thetaQ 
after progress up to, since differential pressure deltaP (theta) is integrated during a period and fuel oil 
consumption Q is computed from the differential pressure addition value sigmadeltaP (theta) Though 
a noise etc. is overlapped on the output of the cylinder internal pressure sensor 15 and the data of 
differential pressure deltaP (theta) vary temporarily, the effect can be suppressed small and fuel oil 
consumption Q can be computed with a sufficient precision. 

[0058] In addition, ignition stage thetaf When differential pressure deltaP (theta) in a former crank 
angle can regard it as about 0, processing of step 1 13 is omitted, and it is injection-quantity detection 
stage thetaQ. After [ calculation (step 109) ] and ignition stage thetaf Addition processing (steps 114 
and 1 1 5) of differential pressure deltaP (theta) may be started without waiting. 
[0059] [an operation gestalt (3)] — said operation gestalt (1) — ignition stage thetaf from — 
predetermined time tO the crank angle after progress — injection-quantity detection stage thetaQ **, 
although carried out As the operation gestalt (3) of this invention shows to drawing 10 , it is 
injection-quantity detection stage thetaQ. It considers as the predetermined crank angle after the 
ignition stage which did not depend at an ignition stage but was decided beforehand. This injection- 
quantity detection stage thetaQ He is trying to compute fuel oil consumption Q from differential 
pressure deltaP (thetaQ) of the detection pressure force Pk (thetaQ) and reference pressure Pb 
(thetaQ) which can be set. 

[0060] If it does in this way, it will be injection-quantity detection stage thetaQ. Since it becomes 
unnecessary to compute, in the fuel-oil-consumption detection program of drawing 5 , processing of 
step 109 can be omitted, computational complexity can be lessened, and the CPU load of ECU19 can 
be mitigated, in addition, ignition stage thetaf which detected this invention the crank angle which 
added the predetermined crank angle to the crank angle, and was acquired — injection-quantity 
detection stage thetaQ ****** — it is good. 

[0061] [an operation gestalt (4)] - said operation gestalt (2) — ignition stage thetaf from — 
predetermined time tO Although differential pressure deltaP (theta) of an after [ progress ] was 
integrated As the operation gestalt (4) of this invention shows to drawing 11 , it is injection-quantity 
detection stage thetaQ. It considers as the predetermined crank angle after the ignition stage which 
did not depend at an ignition stage but was decided beforehand, ignition stage thetaf from — this 
injection-quantity detection stage thetaQ up to - he integrates differential pressure deltaP (theta) to 
every predetermined sampling period deltatheta, and is trying to compute fuel oil consumption Q 
from that differential pressure addition value sigmadeltaP (theta) during a period 
[0062] If it does in this way, in the fuel-oil-consumption detection program of drawing 9 , processing 
of step 109 can be omitted and computational complexity can be lessened, in addition, ignition stage 
thetaf detected also in this case the crank angle which added the predetermined crank angle to the 
crank angle, and was acquired - injection-quantity detection stage thetaQ ****** — it is good. 
[0063] [An operation gestalt (5)], next the operation gestalt (5) of this invention are explained based 
on dra wing 12 and d raw ing 13 . At said operation gestalt (1), it is injection-quantity detection stage 
thetaQ. Although fuel oil consumption was computed from differential pressure deltaP (thetaQ) of 
the detection pressure force Pk (thetaQ) and reference pressure Pb (thetaQ) which can be set As this 
operation gestalt (5) shows to drawing 12 , it is injection-quantity detection stage thetaQ. It sets. He 
computes R/C ddeltaP (thetaQ)/dt of differential pressure deltaP (thetaQ) of the detection pressure 
force Pk (thetaQ) and reference pressure Pb (thetaQ), and is trying to compute fuel oil consumption 
Q from these differential pressure R/C ddeltaP (thetaQ)/dt. 
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[0064] it is shown in the experimental result of drawing 13 — as - ignition stage thetaf from — 
predetermined time tO Injection-quantity detection stage thetaQ after progress The relation of the 
differential pressure R/C ddeltaP (thetaQ)/dt and fuel oil consumption Q which can be set can be 
approximated in a straight line (proportional expression), and fuel oil consumption Q can be easily 
computed by the degree type. 

In Q=alphaxddeltaP (thetaQ) / dt top type, alpha is a proportionality constant (slope of a line). In 
addition, in order to raise the detection precision of fuel oil consumption Q further, you may make it 
approximate the relation between differential pressure R/C ddeltaP (thetaQ)/dt and fuel oil 
consumption Q with the high order function more than a secondary function (curve). 
[0065] Since an offset error is mostly cancellable if it asks for differential pressure R/C ddeltaP 
(thetaQ)/dt even if an offset error arises in the output characteristics of the cylinder internal pressure 
sensor 15 and an offset error is contained in differential pressure deltaP (thetaQ), Like this operation 
gestalt (5), if fuel oil consumption is computed from differential pressure R/C ddeltaP (thetaQ)/dt, 
the effect of the offset error of the cylinder internal pressure sensor 15 can be suppressed small, and 
fuel oil consumption Q can be computed with a sufficient precision. 

[0066] In the fuel-injection system which performs pilot injection before the Maine injection for 
engine power generating, and it by [an operation gestalt (6)] and time, in 1 cycle When computing 
the fuel oil consumption of pilot injection using the approach of the above-mentioned operation 
gestalt (1) thru/or either of (5) Injection-quantity detection stage thetaQ mentioned above after 
ignition of the Maine injection fuel In having set up, it cannot be influenced of the pressure buildup 
by combustion of the Maine injection fuel, and fuel oil consumption of pilot injection cannot be 
computed with a sufficient precision. 

[0067] As this cure, with the operation gestalt (6) of this invention The approach of the above- 
mentioned operation gestalt (1) thru/or either of (5) is used, and it is the fuel oil consumption Qp of 
pilot injection. In case it computes, as shown in drawing 14 Pilot injection-quantity detection stage 
thetaQp is set up before ignition stage thetafm of the Maine injection fuel, or it, and it is based on 
differential pressure deltaP (thetaQp) which is not influenced of the pressure buildup by combustion 
of the Maine injection fuel, and is the fuel oil consumption Qp of pilot injection. He is trying to 
compute. 

[0068] It is the fuel oil consumption Qp of pilot injection, without being influenced of the pressure 
buildup by combustion of the Maine injection fuel, if it does in this way. It is computable with a 
sufficient precision. In addition, what is necessary is just to set up Maine injection-quantity detection 
stage thetaQm by the approach of the above-mentioned operation gestalt (1) thru/or either of (5). 
[0069] [Operation gestalt (7)] When computing fuel oil consumption with the operation gestalt (7) of 
this invention again using the approach of the above-mentioned operation gestalt (1) thru/or either of 
(5) in the system which performs fuel injection of multiple times (for example, 3 times) in 1 cycle, as 
it is shown in d rawin g 15 , it is each injection-quantity detection stage thetaQ. It sets up. 
[0070] Specifically the 1st injection-quantity detection stage thetaQl is set up the ignition stage 
thetafi of the 2nd injection fuel, or before it, and it is based on differential pressure deltaP (thetaQl) 
which is not influenced of the pressure buildup by combustion of the 2nd injection fuel, and is the 
fuel oil consumption Ql of the 1st injection. It computes. 

[0071] Fuel oil consumption Q2 which doubled a part of 1st injection and the 2nd injection based on 
differential pressure deltaP (thetaQ2) which similarly sets up the 2nd injection-quantity detection 
stage thetaQ2 the ignition stage thetaO of the 3rd injection fuel, or before it, and is not influenced of 
the pressure buildup by combustion of the 3rd injection fuel It computes. In addition, what is 
necessary is just to set up the 3rd injection-quantity detection stage thetaQ3 by one approach of 
above-mentioned operation gestalt (1) - (5). 

[0072] Generally, when performing fUel injection of multiple times in 1 cycle That what is necessary 
is just to set up injection-quantity detection stage thetaQN-1 of eye a time (N-l) the ignition stage of 
the injection fiiel of eye N time (N is two or more integers), or before it by this It is fuel-oil- 
consumption QN-1 of injection of time (N-l) before, without being influenced of the pressure 
buildup by combustion of the injection fiiel of eye N time. It is computable with a sufficient 
precision. 

[0073] In addition, the NOx catalyst (not shown) which purifies NOx in exhaust gas (nitrogen 
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oxides) to an exhaust pipe is established. In the system which performs postinjection like the 
expansion line after the Maine injection, and supplies a fuel (HC) to an NOx catalyst as a reducing 
agent The rate of NOx purification can be improved by controlling postfuel injection timing so that 
the amount of combustion of a postinjection fuel can be detected and this amount of combustion may 
be lessened by applying this operation gestalt (7). 

[0074] [An operation gestalt (8)], next the operation gestalt (8) of this invention are explained based 
on drawing 16 thru/or drawing 19 . The cylinder internal pressure sensor 15 becomes the cause by 
which an offset error may arise in output characteristics according to service conditions, such as 
temperature, and [referring to dr awin g 16 (a)] and this reduce the detection precision of fuel oil 
consumption. It can ask for this offset error as follows. 

[0075] Here, the detection pressure force [ in / for an offset error / the crank angle theta 1 before b 
and ignition and theta 2 (however, theta 1 <theta2 <theta0) ] can be expressed like a degree type, if Ps 
(theta 1), Ps (theta 2), and true cylinder internal pressure are set to Pt (theta 1) and Pt (theta 2), 
respectively. 

Ps(theta 1) =Pt(theta 1) +b .... (1) 
Ps(theta 2) =Pt(theta 2) +b .... (2) 

[0076] moreover, crank angle theta 1 from — theta 2 up to ~ if the air condition change in a cylinder 
is assumed to be adiabatic change, it can express like a degree type. 

Pt(theta 1) x {V (theta 1)} gamma =Pt(theta 2) x {V (theta 2)} gamma Pt(theta 2)/Pt(theta 1) = {V 
(theta 1)/V (theta 2)} gamma =K .... (3) 

Here, it is the constant cylinder content volume is decided by V (theta) and it is decided by gamma 
from V (theta) and gamma that the ratio of specific beat and K will be. 

[0077] If the above-mentioned (1) - (3) type is solved, offset error b is computable with a degree 
type. 

b=l/(K-l) x {KxPs(theta 1)-Ps (theta 2)} .... (4) 

If this offset error b is subtracted from the output of the cylinder internal pressure sensor 15, the 
offset error of the output of the cylinder internal pressure sensor 15 can be amended. 
[0078] Moreover, the gain (output sensibility) over pressure variation may change with a service 
condition, aging, etc. (refer to d rawin g 17 ), and, as for the output characteristics of the cylinder 
internal pressure sensor 15, the detection precision of fuel oil consumption falls also by this. This 
gain error can be searched for as follows. 

[0079] Here, they are a and the calculation crank angle theta 0 about a gain error. The detection 
value of Pmt (theta 0) and a motoring pressure can be expressed for it like a degree type, if the 
certified value of a motoring pressure which can be set is set to Pms (theta 0). In addition, the 
certified value Pmt (theta 0) of a motoring pressure is the calculation crank angle theta 0. It is the 
standard motoring pressure which can be set, and based on a design data, it may set up beforehand, 
or you may make it use the motoring pressure detected by the cylinder internal pressure sensor 15 of 
an initial state (before degradation). 
Pms(theta 0) =axPmt (theta 0) 

[0080] Therefore, the gain error a is computable with a degree type. 
a=Pms (theta 0)/Pmt (theta 0) .... (5) 

By carrying out division process of the output of the cylinder internal pressure sensor 15 with this 
gain error a, a gain error can be amended for the output of the cylinder internal pressure sensor 15. In 
addition, since the detection value Pms (theta 0) of a motoring pressure changes with engine 
operation conditions, such as an engine speed, it sets up a certified value Pmt (theta 0) for every 
engine operation conditions, and you may make it choose the certified value Pmt (theta 0) according 
to the engine operation conditions at that time. 

[0081] With this operation gestalt (8), ECU19 is performing the fuel-oil-consumption detection 
program shown in drawing 18 and drawing 19 , and it computes fuel oil consumption using- the 
differential pressure which amended the offset error and the gain error while it functions as an offset 
error amendment means to amend the offset error and gain error of output characteristics of the 
cylinder internal pressure sensor 15 using the above (4) and (5) types, and a gain error correction 
means. 

[0082] The fuel-oil-consumption detection program of drawing 18 and drawing 19 is performed for 
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every predetermined time and every predetermined crank angle. Starting of this program updates the 
wave of the motoring pressure Pm (theta) at step 301 first. Thereby, the motoring pressure Pm (theta) 
is updated corresponding to aging of the output characteristics of the cylinder internal pressure 
sensor 15. In addition, when a predetermined service condition is satisfied during a fuel-injection cut 
as well as said operation gestalt (1), the renewal of the motoring pressure Pm (theta) reads the output 
of the cylinder internal pressure sensor 15 by 1 cycle, and updates the stored data of the motoring 
pressure Pm (theta) memorized by the nonvolatile memory of ECU19. 

[0083] Then, at step 302, the motoring pressures Pm (theta 1) and Pm (theta 2) memorized by the 
nonvolatile memory of ECU 19 are read, and the offset error bm of the motoring pressure Pm (theta) 
is computed by the degree type. 
bm=l/(K-l) x {KxPm(theta 1)-Pm (theta 2)} 

[0084] At the following step 303, a degree type amends the offset error of the motoring pressure Pm 
(theta) using this offset error bm. 

Pm'(theta) =Pm(theta)-bm — motoring pressure Pm' (theta) after the offset error amendment called 
for by doing in this way is temporarily memorized in memory, such as RAM of ECU19, until this 
program is completed. 

[0085] Then, crank angle theta is the crank angle theta 1. When it becomes, the detection pressure 
force Pk (theta 1) is detected, and after that and crank angle theta is the crank angle theta 2. When it 
becomes, the detection pressure force Pk (theta 2) is detected, and the offset error bk of the detection 
pressure force Pk (theta) is computed by the degree type (steps 304-308). 
bk=l/(K-l) x {KxPk(theta 1)-Pk (theta 2)} 

[0086] Then, crank angle theta is the calculation crank angle theta 0. When it becomes, it progresses 
to step 310 from step 309 of drawing 19 , and is the calculation crank angle theta 0. Motoring 
pressure Pm' (theta 0) and the calculation crank angle theta 0 after the offset error amendment which 
can be set The certified value Pint (theta 0) of a motoring pressure which can be set is read from the 
nonvolatile memory of ECU19, and the gain error a is computed by the degree type. 
a=PnV (theta 0)/Pmt (theta 0) 

[0087] At the following step 31 1, a degree type amends the offset error of the detection pressure 
force Pk (theta 0) using an offset error bk. 

Pk*(theta 0) =Pk(theta 0)-bk[0088] then - a step - 3 12 - an offset error -- amendment -- the back - 
detection pressure — the force - Pk — ' (theta 0) — an offset error — amendment — the back — 
motoring — a pressure — Pm — ' (theta 0) — a pressure ratio — H — ' — a degree type — computing . 
H'=Pk'(theta 0) /Pm' (theta 0) 

Then, it progresses to step 313 and is injection-quantity detection stage thetaQ. It computes, the 
calculation approach — said operation gestalt (1) — the same — ignition stage thetaf from — 
predetermined time tO Crank angle thetaQ which corresponds afterprogress.lt computes. 
[0089] Then, crank angle theta is injection-quantity detection stage thetaQ. When it becomes, it 
progresses to step 315 from step 314, and a degree type amends the offset error of the detection 
pressure force Pk (thetaQ) using an offset error bk. 

Pk'(thetaQ) =Pk(thetaQ)-bk[0090] At the following step 316, reference pressure Pb' after offset error 
amendment (thetaQ) is computed by the degree type. 
Pb'(thetaQ) =H'xPm' (thetaQ) 

[0091] a degree — a step — 317 — gain — an error — a — using — an offset error — amendment — the 
back -- detection pressure — the force — Pk — ' (thetaQ) — reference pressure — Pb — ' (thetaQ) — 
differential pressure — delta — P — 1 (thetaQ) — gain — an error — a degree type — amending . 
deltaP'(thetaQ) =l/ax {Pk'(thetaQ)-Pb' (thetaQ)} 

Thus, computed differential pressure deltaP' (thetaQ) becomes the value by which both the offset 
error and the gain error were amended. 

[0092] Then, at step 318, the multiplication of the proportionality constant alpha is carried out to 
differential pressure deltaP' after amendment (thetaQ), fuel oil consumption Q is calculated, and this 
program is ended. 
Q=alphaxdeltaP' (thetaQ) 

[0093] Since the offset error and gain error are searched for and the detection pressure force, a 
motoring pressure, and differential pressure are amended with the operation gestalt (8) explained 
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above even if an offset error and a gain error occur in the output of the cylinder internal pressure 
sensor 15 by the service condition or aging, fuel oil consumption can be computed using the data 
which removed the offset error and gain error of an output of the cylinder internal pressure sensor 
15, and highly precise fiiel-oil-consumption detection is possible. 

[0094] In addition, at the above-mentioned operation gestalt (8), it is the crank angle theta 0 of one 
point. The certified value Pmt (theta 0) of a motoring pressure which can be set is memorized, and it 
is the crank angle theta 0 of one point. Although the gain error a was searched for, the wave of the 
certified value Pmt (theta) of a motoring pressure is memorized, a gain error is searched for by the 
crank angle of two or more points, and you may make it use those averages as a gain error. 
[0095] Moreover, although the gain error of the differential pressure of the detection pressure force 
after offset error amendment and reference pressure was amended with the above-mentioned 
operation gestalt (8) after amending the offset error of both the detection pressure force and a 
motoring pressure It is the phase of making it amend an offset error and reading the output of the 
cylinder internal pressure sensor 15 contrary to this after amending a gain error. What is necessary is 
to make it amend both an offset error and a gain error, and just to, amend an offset error and a gain 
error in short, by the time it computes fuel oil consumption using differential pressure. Or you may 
make it amend an offset error or a gain error. 

[0096] Since the respectively same gain error also as differential pressure deltaP or the detection 
pressure force Pk is included when the gain error has arisen in the output characteristics of the 
[operation gestalt (9)] cylinder internal pressure sensor 15, a gain error is mostly cancellable if 
differential pressure deltaP is ****(ed) by the detection pressure force Pk. 

[0097] Paying attention to this point, it sets to each above-mentioned operation gestalt (1) - (7), and 
the operation gestalt (9) of this invention is crank angle thetaZ before ignition about differential 
pressure deltaP instead of differential pressure deltaP. Value deltaP/Pk (thetaZ) ****(ed) and formed 
into the-less dimension by the detection pressure force Pk (thetaZ) in which it can set is used. Even 
when doing in this way and the large cylinder internal pressure sensor 15 of a gain error is used, 
based on the non-dimension data which canceled the gain error mostly, fuel oil consumption can be 
computed with a sufficient precision. 

[0098] In addition, although the motoring pressure Pm was updated for every predetermined time T 
progress, you may make it update for every predetermined mileage progress with each above- 
mentioned operation gestalt. Moreover, you may make it the thing of a fuel injection valve 12, a 
glow plug (not shown), and one apparatus used for the cylinder internal pressure sensor 15. 
[0099] Moreover, although it was made to detect fuel oil consumption with each above-mentioned 
operation gestalt about the representation gas column in which the cylinder internal pressure sensor 
15 was formed, the cylinder internal pressure sensor 15 is formed in all gas columns, a fuel-oil- 
consumption detection program is performed for every gas column, and you may make it detect fuel 
oil consumption for every gas column. 

[0100] Moreover, although this invention was applied to the diesel power plant of a 4-cylinder with 
the injection system of a common ball-race type witii each above-mentioned operation gestalt, this 
invention may be applied to the diesel power plant of injection systems other than a common rail 
type, or diesel power plants other than a 4-cylinder. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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